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INTERRELATIONSHIP BETWEEN BRAIN DAMAGING PROCESSES
AND PEPTIC ULCERATION, PERFORATION AND HEMORRHAGE
JAMES A. MARVEL, M.D."*

The existence of a relationship between brain damaging processes and peptic
ulceration with or without perforation and hemorrhage was first documented by
Cushing in this country in 1932.' Cushing had the possibility of this interrelationship
rather dramatically called to his attention when three of his patients upon whom
he had operated for cerebellar tumors subsequently developed peptic ulcers with
perforation or hemorrhage and died from these events. Because these case reports
are so interesting and do emphasize what we are discussing, I will describe two of
them very briefly.
The first case was that of a 34 year old bank clerk who was investigated because
of a choked disc and other evidences of brain tumor. These symptoms were cerebellar and there was a subsequent suboccipital exploration under ether anesthesia.
A subcortical angioblastoma was found in the right cerebellar hemisphere. Evidently,
there had been no preoperative symptoms relative to the stomach except those thought
to be created by the cerebellar tumor, namely, some nausea and vomiting, associated
with dizziness. However, immediately after the operation, when the patient first
awakened, he complained of abdominal discomforL The abdomen appeared somewhat
stiff and tender but no special significance was attached to this. The patient was
sedated with morphine but he grew increasingly worse, became cyanotic and expired
24 hours after the operation. At postmortem examination, it was found that the
peritoneal cavity was full of a large amount of turbid fluid and the stomach showed
three circular perforations halfway between the cardia and the pylorus on the lesser
curvature. These ulcers showed no previous indications of inflammatory reaction but
the mucosa of the entire stomach appeared as if the patient had consumed a corrosive
poison.
The second case was that of a 34 year old engineer who was operated on
because of a full-blown picture of cerebellar tumor — this had existed for five years.
There had been occasional attacks of vomiting. In this case, the patient was operated
on and a median tumor was disclosed which was an astrocytoma with a long tongue
projecting from the posterior fossa far into the spinal canal. A laminectomy of the
axis and atlas was necessary to expose the lower pole of the tumor. Postoperatively,
the patient appeared to do very well. Two days after the operation, a sudden, violent
epigastric pain spread over the abdomen and into the shoulders. There had been no
previous evidence of any abdominal complication and this episode was considered
pleuritic in nature. The patient was sedated with morphine. However, the patient
developed hyperthermia of 106.2° and expired on the fourth postoperative day. In
this case, the postmortem examination showed the peritoneal cavity to be filled with
110 cc of reddish brown fluid and there was evidence of a generalized, diffuse
fibrinoplastic peritonitis. Two perforations of irregular shape were found in the
wall of the duodenum about three centimeters distal to the pylorus. Further examination disclosed no evidence to suggest these ulcerations had been previously present.
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Cushing mentions that the circumstances wihch permit one to demonstrate
mucosal lesions after an intracranial operation are not often combined and hence
may account for scarcity of such reports in the past. These same factors would be
involved today and thus will be mentioned:
1. A n opertaion of the sort necessary to produce lesions, such as an
intracranial operation.
2. A postoperative fatality at the proper time to find a lesion because it
is well known that if even a short period of time passes, the lesions
may heal over.
3. Permission after a fatality for an unrestricted autopsy, and —
4. A more careful scrutiny of the gastroduodenal mucosa than is customary,
particularly when the obvious cause of death lies elsewhere.
Cushing also calls attention to several other cases involving intracranial conditions
other than actual tumors or operations. One such case was that of a 32 year old
woman with malignant hypertension who pursued a course of progressive cardiac
failure and died. Just prior to death, there was hyperthermia of 104°. At autopsy,
the gastric mucosa was found to be intensely injected and to contain numerous small
star-shaped recent ulcerations, more marked on the lesser curvature, to many of
which fairly recent blood clots were adherent. Apparently the patient had not been
in uremia.
A second case of this type was that of a 44 year old man admitted to the
hospital as a brain tumor suspect but who was found to have malignant hypertension
with choked discs, arteriosclerosis and cardiac hypertrophy. In the study, the patient
did have ventriculograms, which were normal. Five days following this, there was
sudden hematemesis with vomiting of 500 cc of blood and a repeated hematemesis
the next day with a loss of another 800 cc of blood. Several days after this, the
patient had sudden, severe epigastric pain and was explored, whereupon a perforation
of the posterior wall of the stomach one centimeter in diameter and 8 centimeters
proximal to the pylorus was found. This was surgically closed but the patient died
several days later with a temperature of 104°. Autopsy revealed that the sutures
closing the perforation had been dissolved and the stomach was in shreds from
autodigestion. The pancreas had become involved and there was extensive fat
necrosis as well.
Cushing did speculate on the occurrence of chronic ulceration with intercerebral
lesions and presented cases in support of this thought. One case was that of a 9 year
old child who was operated upon for removal of a median cerebellar medulloblastoma
with a wide opening made in the fourth ventricle. The patient subsequenfly had
repeated courses of radiation therapy. However, the patient finally succumbed two
years later. A t autopsy, in addition to the intraventricular involment by the tumor,
there was noted a small duodenal ulcer crater 3 centimeters below the pylorus.
Microscopic examination of the ulcer showed that it was characterized by a crater
extending down to the muscularis with margins deep and sHghtly undermined. On
its floor, there was a narrow zone of dense hyalinized connective tissue and in one
region some fibrin and blood cells. Scar tissue at the rim of the ulcer showed chronic
inflammatory cell infiltration.
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An additional case in this regard was that of a 25 year old man who had a
tumor of the third ventricle, demonstrated by ventirculography, causing pressure
symptoms associated with gastrointestinal disturbance. He had several episodes of
radiation to the lesion, each with marked improvement. However, within three
days of the most recent treatment, which was some years after the tumor was first
found, he developed ulcer symptoms at which time a barium study showed evidence
of the ulcer.
In an attempt to find a reasonable explanation for these acute and probably
chronic ulcerations involving the esophagus, stomach and duodenum, particularly
those mentioned in the first three cases, Cushing conducted an extensive review of
the literature on the neurogenic aspects of ulcer pathogenesis. This review led him
to believe that there was a parasympathetic center in the diencephalon. From this
center fiber tracts passed backward to relay with the cranial anatomic stations of
the mid-brain and medulla of which the vagus nucleus is by far the most important.
Experimental lesions anywhere in the intracranial course of these fiber tracts, from
the anterior hypothalamus to the vagal center, presumably from parasympathetic
stimulation, are prone to cause gastric erosions, perforations and hemorrhage. Intracranial injuries and diseases affecting these same basilar regions of the brain are
known to be accompanied by ulcerative lesions of the upper alimentary canal. Cushing
believed, therefore, that perforations following cerebellar operations were produced
in like fashion by an irritative disturbance of tracts or vagal centers in the brain
stem. Further, Cushing felt that highly strung persons who incline to the form of
nervous instability classified as parasympathetic (vagotonic) through emotion or
depressed emotion incidental to continued worry, anxiety and heavy responsibility
allied with other factors, such as irregular meals and excessive use of alcohol, are
particularly prone to have chronic digestive disturbances with hyperacidity, often
leading to ulcer. This, of course, is the reasoning behind vagotomy done with subtotal
gastric resection for treatment of peptic ulcerations.
Davis, Wetzel and Davis^ from Northwestern University, in 1955, aware of the
previous report by Cushing and knowing of the apparent increase in frequency and
gravity of acute alimentary tract ulceration and hemorrhage in the neurosurgical
period, determined to study a large series of neurosurgical patients to evaluate the
incidence, natural history and possible mechanisms involved in these complications.
An analysis of 7,000 operative and clinical records distributed over 30 years revealed
48 examples of acute upper gastrointestinal ulceration or hemorrhage during the
post-neurosurgical period, an incidence of 0.7%. In a series of 943 craniotomies,
there were 24 instances in which this complication occurred; in 350 suboccipital
craniectomies, it was found in the postoperative course of 7 patients. A careful
inventory of gastrointestinal tract symptoms was made in all patients prior to surgery
and in 8 cases there were pre-existing complaints of varying severity. These same
8 patients had acute fatal or nearly fatal episodes of hematemesis following the
neurosurgical operations. There were 12 patients who, initially, had a smooth postoperative course and who would have recovered well from the effects of the neurosurgical procedure had it not been for unexpected, sudden and massive gastrointestinal
tract hemorrhage, which was considered to have led directly to their death. In a
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total of 30 deaths from various causes in this series, 24 autopsies were performed
and in 15 instances an ulceration was present or the cause of the gastrointestinal
hemorrhage was determined. The ulcerations which were seen extended through the
muscularis mucosae of the involved structure and were grossly and microscopically
characterized by lack of fibrosis and induration.
A correlation of the anatomic position of the lesion in the nervous system with
the upper alimentary tract hemorrhage or ulceration in 12 patients in whom death
was directly attributed to these complications revealed: 3 patients with frontal lobe
glioblastoma, acoustic neurinoma in 2 cases, pituitary adenoma in 2 cases, frontal
lobe metastatic carcinoma of the lung, posterior fossa metastatic renal carcinoma,
cervical spinal cord arachnoiditis, and a diagnosis of no cerebellar pathology, each
in one patient.
On the basis of this data, the authors concluded that upper gastrointestinal tract
hemorrhage and ulceration following neurosurgical procedures are frequently highly
fatal surgical complications. There would appear to be no correlation between the
histologic character of the pathology of the nervous system and the occurrence of the
lesions in the gastrointestinal tract. Central nervous system pathology was not a
prerequisite for these gastrointestinal complications since they were encountered
following such procedures as laminectomy, hemilaminectomy and trigeminal neurectomy.
The authors were impressed that in this series of 48 patients disease of the cerebral
hemispheres, and in particular the frontal lobe, was of more frequent occurrence
than involvement of the diencephalon or the posterior fossa. They felt that it was
not probable that any extensive lesion would impinge on the hypothalamic frontal
pathways without also destroying other fiber tracts, so that they felt it would be
doubtful that diencephalic lesions could be solely responsible for producing an autonomic imbalance leading to the gastric ulceration, perforation or hemorrhage.
Davis, et al,^ make note of a recent publication by French' and his associates
in which they observed a group of patients with similar severe postneurosurgical
hematemesis and gastrointestinal tract ulceration. In addition, they presented experimental data in which carefully oriented stereotactically placed hypothalamic lesions
were created with the Clarek apparatus. A group of 13 cats were used and ulceration
and/or hemorrhage occurred in all but one animal. Hence, they concluded that
lesions which involve the hypothalamus or its afferent or efferent pathways predisposed the patient to gastrointestinal disease, which in turn was precipitated by
the stress of the illness and/or the trauma of surgery. This was not in agreement,
however, with the previous work of Martin and Schnedorf'', who observed that localized
lesions made by the Horsley-Clarke apparatus in the hypothalamic area of 7 monkeys
and 40 cats failed to reveal any mucosal changes in the gastrointestinal tracts which
could be ascribed to the lesion. Further, this was not in agreement with the recent
findings of Davis et aP in which small, destructive hypothalamic lesions were made
in a group of 15 cats using the Clarke Stereotactic apparatus. In this group of 15
cats there was no gastrointestinal tract pathology following discrete anterior and
posterior hypothalamic destructive lesions. This data, plus the fact that gastrointestinal
lesions occurred in 7 patients in their series in which the surgical procedure was
neither intracranial in location nor was the central nervous system exposed at any
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time, led Davis et al^ to believe that interruption of a disease process of the frontal
lobe connection of the hypothalamus itself or projections from this structure in the
posterior fossa were not essential for production of gastrointestinal complications.
They rather suggested that the gastrointestinal tract ulceration and hemorrhage represent an extreme pathophysiologic response to the physical stress at surgery, wherever
its location.
It is difficult to reconcile the divergent results of these studies with the Clarke
apparatus.
Watson and Netsky* from the Montefiore Hospital in New York observed as
others had that there had been considerable interest in the concept of neurosurgical
postoperative ulcerations of the gastrointestinal tract. They felt that too litfle attention
had been given to the occurrence of upper ahmentary tract disorders in chronic
neurologic diseases not created by intracranial surgery. They presented 6 cases to
bring out their point.
The first case was that of a 36 year old woman who was found to have multiple
sclerosis. Five months after the diagnosis was made, the woman had a sudden, unheralded, acute abdominal episode suggesting ruptured viscus. It was shown by
laparotomy that there was a perforation high on the posterior wall of the stomach.
This perforation was surgically closed but the patient died in hyperthermia and shock
24 hours later. Necropsy revealed a recurrence of an ulcer and microscopic examination of the nervous tissue showed lesions of different size and age thought
to be typical of multiple sclerosis.
The second case was that of a 33 year old woman who was to have a right
lower lobectomy for pulmonary tuberculosis, but during the induction phase of the
anesthesia, the patient was apneic for four minutes. Afterward the patient remained
in deep coma with occasional convulsive movements and died 15 days later in a
hyperthermic state. At autopsy there was found to be widespread loss in neurons
and there were infarctions involving the cortex anterior to the thalamic nuclei, the
posterior portion of the hypothalamus, an area inferior to the geniculate bodies and
areas involving the spinal cord and cerebellum. These changes were thought to be
secondary to anoxia. Also, it was found that there were two ulcers in the duodenum,
one centimeter and two centimeters, respectively, in circumference. One of these
had perforated.
The third case was that of a 73 year old man who had a slowly occluding right
middle cerebral artery. Arteriography showed no filling in the cervical portion of
the right internal carotid artery. The patient died subsequently with a terminal
temperature of 103°. At necropsy, the cardia and proximal portion of the stomach
were malacic and a gaping, 3 centimeter perforated ulcer was found in the stomach.
Also examination of the brain revealed massive infarction of the right cerebral
hemisphere accompanying thrombosis of the internal carotid artery.
A fourth case was that of a 36 year old man who was shown by craniotomy
to have a metastatic melanoma. He had previously had a pigmented lesion removed
from his back some 8 years earlier. The patient had radiotherapy and some attempt
at decompression of intracranial pressure by ventriculostomy with polyethylene tubing
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and repeated lumbar punctures, but he died in a hyperthermic state about a month
later. A t the time of autopsy, he was noted to have dark fluid in both pleural spaces
with necrosis and digestion of the lower porfion of the esophagus with associated
nearby ulcerations seen. It was thought that there was neoplastic involvement of the
hypothalamus and related structures.
The fifth case was that of a 47 year old man with multiple sclerosis who, over a
period of five years, gradually developed spastic quadriparesis and severe ataxia. He
had for several years had postprandial epigastric distress and tenderness, relieved
by vomifing, but repeated x-ray studies showed only delayed gastric emptying. A
strict Sippy diet did help the problem. However, at age 61, 14 years after his first
diagnosis of having multiple sclerosis was made, he died suddenly following an onset
of collapse. Autopsy showed that there had been a hemorrhage from an ulcer in
the duodenum just beyond the pylorus. In the brain, internal hydrocephalus, without
obstruction, was present and microscopic examination showed demyelinated zones
in various areas compatible with the diagnosis of multiple sclerosis. The lesions
were noted to include the hypothalamus.
The last case is that of a 68 year old man who developed a left hemiplegia.
There were several procedures done, including ventriculography, lumbar puncture
and burr holes for a possible subdural hematoma. The patient subsequently became
hyperthermic and died 8 days later. At autopsy, it was found that the right cerebral
hemisphere was swollen and there was an ischemic infarction of the basal surfaces
of the right frontal and occipital lobes with a fresh thrombus seen in the cavernous
sinus portion of the right internal carotid. In the duodenum there were three bloody
superficial ulcerations and fresh blood in the small and large intestines. Thus, this
patient had had a thrombosis of the right internal carotid artery associated with
ulceration and hemorrhage of the stomach.
In addition to these six cases presented, the authors summarized the literature
and found 38 cases in which there had been combined neurologic and gastrointestinal
disorders and which were accompanied by complete necropsy examination. The
intracranial diseases which led to the gastrointestinal changes are listed as follows:
Table I
Intracranial Diseases Associated With Gastrointestinal Changes
Suppurative Meningitis
9
Vascular Accidents
8
Primary or Metastatic tumors
7
Head injury or birth trauma
6
Viral Encephalitis or Poliomyelitis
4
Asphyxia
2
Neonatal Convulsions
1
Gun-shot wound involving the head
1

To the above table, one may add the six cases just described; namely, that of
two cases of multiple sclerosis, two cerebral vascular thromboses and one case each
of metastatic melanoma and asphyxia.
It was felt that these cases were of interest because of the ante mortem symptoms
of alimentary tract disorder. In seven of the cases, there was terminal hematemesis
and in three cases there were sufficient abdominal symptoms to cause clinical concern.
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In one case there was a laparotomy because of acute abdominal distress arising from
perforation of the stomach.
In the cases surveyed, there was no case with restriction of the neurologic disease
to the hypothalamus alone; in all, there was associated pathlogic change in adjacent
or distant regions of the brain. Similar observations were made upon postoperative
brain tumor cases. Multiple metastases, widespread changes associated with increased
intracranial pressure, bilateral lesions secondary to cerebral arteriosclerosis, etc. were
found in all cases, in addition to the primary lesion. The sites of major disease processes are shown in the following table:
Table I I
Intracranial Diseases Associated With Gastrointestinal Changes
Location of Intracranial Disease
Meninges
25
Cortex
37
Sub-cortex
28
Hypothalamus
30
Pons
16
Medulla
9
From this data, since no case lesion could be confined soley to the diencephalon,
it was suggested that a question might be raised whether or not a higher center may
be involved in the neurologic axis leading to gastrointestinal disorders. It was suggested
that it might be possible to by-pass the hypothalamus entirely upon occasion. Thus,
the authors modified the concept of lesions involving the hypothalamus and tracts
leading to the vagal nuclei, as expressed by Cushing, to include the concept of a higher
center, that is, a cortical or sub-cortical involvement leading to the hypothalamus
and thus to the vagal nuclei. In this modified concept, the idea is that the cortex
moderates or damps the lower centers so that with the later allowed unbridled activity
because of cortical centers or pathways not properly functioning, excessive parasympathetic effect could thereby be wrecked upon the viscera. This excess becomes
the modus operandi of ulceration and malacia of the gastrointestinal tract.
To this point, we have been concerned with reviewing data demonstrating the
relationship between intracranial disease and/or neurosurgical procedures and acute
ulceration, perforation, and hemorrhage of the gastrointestinal tract. It would appear
interesting to present some data further complicating the picture of neurogenic induction
of gastrointestinal disease. Gray' and associates from the Harvard Medical School
in 1953 demonstrated that the administration of adrenocorticotropic hormone and
cortisone, after a period of days or weeks induced an increase in the basal and
nocturnal gastric secretion of hydrochloric acid and pepsin approximating 200%
with a similar concomitant increase in uropepsin excretion. Such patients experienced
epigastric distress during hormone therapy or developed peptic ulcers, reactivation
of previous ulcers, hemorrhage or perforations, and demonstrated, coincidentally,
peak uropepsin excretion and increased gastric acid and pepsin secretion in the ulcer
range. Vagotomy did not alter the response to adrenocortical or cortisone administration. They further noted that stimulation of the hypothalamus in dogs produced
significant increases in uropepsin excretion and that patients with hypopituitarism
and hypoadrenal function (Addison's disease) demonstrated low uropepsin excretion.
Further, patients with adrenal and pituitary hyperactivity excreted increased amounts
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of uropepsin. These data suggest that chronic emotional and physical stress stimulate
the stomach to secrete increased acid and pepsin by way of a humeral mechanism
involving the hypothalamic-pituitary-adrenal-gastric axis independent of the vagus
nerve or the gastric antrum.
In regard to the idea of stress as the cause of gastrointestinal ulceration, it is
interesting to mention the work of MacDonnell and McCloskey' of Philadelphia in
1953. They point out that while the association of acute ulcerations of the peptic
type were observed by Cushing in 1932 in association with intracranial problems,
and by Curhng' in 1842 in association with burns, no one has paid much attention
to the relationship of acute peptic ulcers to other pathologic changes in the body.
These authors made a study of 1781 consecutive autopsies performed and found
acute peptic ulcers in eight of 243 patients who died following operations performed
elsewhere than on the central nervous system, an incidence of 3.24%. Similar ulcerations were found in five of 109 patients in whom central nervous system lesions
were found at autopsies, an incidence of 2.78%.
Their conclusion is that since these two percentages are so similar acute peptic
ulcers which occur in association with surgical procedures, burns, intracranial lesions,
etc., are simply one result of the body's exposure to stress.
Further in regard to stress, it is interesting to review some recent data concerning
Curling ulcers. This is reported by Hummel et al' of the Medical Corps of the United
States Army in 1957, in which they studied 1,000 burned patients admitted to the Brook
Army Hospital over a period of 6-Y2 years. Of these, 20 developed Curling ulcer,
17 of these were among 80 burned patients who died. Of the 20 patients who were
burned and who developed gastrointestinal ulcerations, 7 were asymptomatic, hemorrhage occurred in 10 and 3 had abdominal pain. The majority of the ulcers were
in the duodenum and in only 7 cases were the ulcerations multiple. The burned
patients were studied for uropepsin and gastric acidity. Gastric acidity was quite
variable but tended to be higher in the more severely burned patients. Elevated uropepsin levels and gastric acidity, however, were of no diagnostic value in predicting
which patients who were burned would develop the ulcerations.
Because it concerns stress and shock, as well as the gastrointestinal implications
of bulbar lesions, it is of interest to bring out the data presented by Schaberg, Hildes
and Alcock'" in 1954, in which they made the observation that of 480 cases with
clinical involvement by poliomyelitis of the bulbar nuclei, upper gastrointestinal tract
bleeding was observed in 34 cases; of these 11 survived and 6 died as a direct result
of hemorrhage. The others of the 34 did die but were considered to have died as
a direct result of polio and not as a result of the gastro-intestinal hemorrage. The
onset of hemorrhage varied from two days before to 18 days after the onset of
paralysis. The average was five days after the onset of paralysis. This, then, is a
complication of the acute stage of the disease. In addition to six cases which died
as a direct result of hemorrhage, there were two cases in which there was perforation
of the duodenum leading to a generalized peritonitis, which was considered to be
the cause of death. In the third case, a patient who died of pneumonia was found
at post-mortem to have a perforated duodenal lesion.
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Of the 34 patients, all but five were over the age of 15. A l l cases, as previously
mentioned, had bulbar involvement. In some cases, there were plastic stomach tubes
involved but it seems improbable that this was the cause of ulceration and hemorrhage
since similar tubes were used in almost all the patients in the series. There was no
evidence that acute viral inflammation of the mucosa of the gastrointestinal tract
caused the erosion. Clinical assessment of the degree of anoxia in these acutely ill
patients did not impress the authors that this was part of the problem. Because of the
previously mentioned implication of shock as the cause of gastrointestinal lesions,
it is interesting to note in this report that in 31 of the cases there was no evidence
of shock when the hemorrhage was first detected. Further, it is interesting to note
that in this report in which the brain lesions responsible were in the brain stem, the
hypothesis that brain lesions responsible for gastrointestinal hemorrhage are those
of the anterior part of the hypothalamus could not be supported. The authors felt
that the question of how the central nervous system involvement leads to gastrointestinal lesions still remains unanswered. In regard to the possibility that the
humeral mechanism through the pituitary-adrenal axis, according to the concept of
Selye" was responsible, it is interesting to note that the authors found histologic
changes in the adrenal cortex characteristic of the changes found in sudden stress
but these changes were found equally as well in the control group and the group
with intestinal lesions alike. This does not rule out sudden stress as the cause of the
gastrointestinal hemorrhages but it would appear to mitigate against it as the sole cause.
In the most comprehensive survey of the problem yet published, Dalgaard'^ in
1957 examined 4317 hospital and medical legal post mortems. Of these 385 or 8.9%
revealed esophagogastroduodenal ulcerations. Of the 385 cases, 177 appeared to be
chronic ulcerations, but 208 were acute ulcerations (4.8%). Of these 208 cases of
acute ulcerations only 2 patients did not have evidence of a cerebral lesion or history
of severe "functional" cerebral impairment. The 385 cases with esophagogastroduodenal
ulceration are listed according to cerebral lesion in the following table:
Table I I I
Grouping According to Cerebral Lesion or Pathophysiologic Disorder.
Ulceration
Type of Brain Lesion or Pathophysiologic Disorder
Acute
35
Traumatic Brain Lesions
23
Brain Operations
Vascular Brain Lesions
67
1.^
Brain Tumors
11
Intracranial Infections
Intoxications:
(A) Uremia
12
14
(B) Alcohol
4
(C) Barbiturates
4
Burns (freezing included)
Cerebral Hypoxia (Clinical)
9
Acute severe stress
15
7
Other cerebral diseases
2
No cerebral lesions found
0
Brain not examined
208

Total

81

Chronic
6
0

33
6
0
2
6
0
1

n
0
12
71
41!
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In further selecting the data, Dalgaard'^ noted that in 117 cases of non-operated
cerebral tumors, there were 21 patients with gastrointestinal ulcerations. This is
approximately 18% or twice the ulceration incidence of the basic material. Of the
21, 17 were acute ulcerations. This was interpreted as indicative of the presence of
neurogenic ulceration.
Dalgaard'^-'^ makes several interesting observations. He examined his data carefully and felt that there was no relation to rate of growth of tumors and the nature
of the ulcer; that is, rapid growing tumors did not appear to produce predominantly
acute ulcerations, nor did slow growing tumors tend to produce predominantly chronic
ulceration. It was felt that the neurogenic ulcer etiology was not limited to diencephalic lesions; that is, it was noted that only a few cases involved diencephalic
lesions in this series.
DISCUSSION
It would certainly appear from the examination of the data just reviewed that
there is reason to accept that intracranial lesions may cause acute ulcerations, perforations and/or hemorrhage of the upper alimentary tract. There are, however, a
number of points to consider in this regard.
First, it is recognized that the bulk of the data just reviewed involves autopsy
material. It would be far better if the actual problem of acute ulceration, perforation
and hemorrhage was based on chnical data with sufficient investigation to support the
diagnoses of ulceration, perforation and hemorrhage in association with the cerebral
lesions prior to death. However, it is recognized that in most of these cases there
was a lack of previous investigation of ulcer and, no doubt, this will be true in general
in the future because of the very nature of the problem. When the patient does
present with the cerebral difficulty, this illness then most always overshadows the
gastrointestinal symptoms if such are present. However, recognition of the possibility
of gastrointestinal complications of cerebral disease in the future may lead to significantly improved data in this regard. Investigation of the gastrointestinal symptomatology in such patients with cerebral lesions will be quite difficult, however, because
it may be next to impossible for instance to obtain an upper G I series because of
the overwhelming cerebral problem. Moreover, by the time an investigation may be
done, the gastrointestinal lesion may have already been healed. This, of course, is
especially true in children. Also, even should some investigative studies be possible,
it would be difficult to time the occurrence of the ulcers because the cerebral
symptoms might well over-ride the gastrointestinal symptoms.
The second point of interest is that the original hypothalamic-vagal axis hypothesized by Cushing to be the areas responsible in the brain, when disturbed, for
the gastrointestinal complications has now been modified to include higher centers
of the brain. Thus it is hypothesized that higher areas of the brain, particularly
those areas having to do with the viscera including the uncinate cortex, the amygdaloid
nucleus and the claustrum, as pointed out by Papez'" may exert a balancing effect
on hypothalamic areas. When the damping effect of the higher areas is destroyed
by a lesion, then the hypothalamic-vagal axis is allowed to function uninhibited and
thus might lead to the gastrointestinal ulcer, perforation or hemorrhage.
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